status, and increments were assessed for each child (Table 2 ). However, there was a small number of surfaces with reversals (0.3% of total 78,800 surfaces), which could have occurred due to examiners' errors as well as transitions from non-cavitated caries lesions to sound tooth surfaces. To account for these reversals, Beck et al. (1995) proposed an adjustment formula based on the assumption that there is a positive relationship between the frequency of a false-negative diagnosis and baseline caries, and a negative relationship between the frequency of a false-positive diagnosis and baseline caries. These two assumptions were met in the data used in this analysis. Using the adjustment formula, we calculated adjusted increments for d 3-6 mfs and d 1-6 mfs.
determinants of Children's Oral Health
Guided by the Fisher-Owens et al. (2007) conceptual model, we compiled a list of the factors included in the model and for which data are available (Table 3) . In this analysis, we tested associations between these risk factors in W1 and the increments of caries between W1 and W2.
Child-level Factors
Included factors were age, gender, and having ever been diagnosed with asthma. Additional information included a grouping variable of baseline d 1-6 mfs scores (1 = none, 2 < 7, 3 ≥ 7), and weight-for-age percentiles (grouped by the quartiles) computed according to the 2000 Centers for Disease Control and Prevention growth charts (Kuczmarski et al., 2000) in lieu of a BMI measure for young children. Risk factors associated with children's social environment included current participation in WIC or Head Start programs. Consumption of soda drinks (carbonated sugared drinks) was measured as the number of days children had consumed sodas during the preceding week (1 = none, 2 = 1 day, 3 = 2-6 days, 4 = every day), according to the Block Kids Food Frequency Questionnaire ® (Berkeley, CA, USA) and administered to the caregivers by trained interviewers. We created categorical variables for health-influencing behaviors such as brushing frequency (with or without toothpaste) during the preceding week (< 7 or ≥ 7), the frequency of using a cloth to wipe the teeth or mouths of children (1 = never or rarely, 2 = sometimes or usually), and type of children's dental visits during the study period (Table 3 ). Children were classified into "no dental visit", "preventiveonly dental visit", and "treatment visit" based on Medicaid dental claims records during the study period. The "no dental visit" group included children with no Medicaid record (n = 90).
Family-level Factors
Parenting stress score measured by an existing scale (Abidin, 1995) was constructed by averaging responses to 6 items and dichotomizing the scores (< 75 th percentile or ≥ 75 th percentile). The parenting stress score showed a high level of internal consistency (alpha = 0.76) in previous analyses (Finlayson et al., 2007a,b) . Depressive symptoms of caregivers were measured according to the Center for Epidemiological Studies Depression Scale (CES-D) (Radloff, 1977; Husaini et al., 1980) . CES-D scores were dichotomized into < 23 or ≥ 23, with a score of 23 or greater indicating the presence of depressive symptoms (Siefert et al., 2007) . Caregiver's baseline caries was assessed by the d 1-6 mfs score and further categorized by the quartile values. 
Notes: Description of the coding system is described in Ismail et al. (2007) . There are potentially 182 mutually exclusive tooth surfaces included on the ICDAS examination form. Sound: 00, un-erupted at W1. *d 1-2 : non-cavitated caries lesions on unrestored, sealed, or restored tooth surfaces. d 3-6 : cavitated or dentinal lesions on unrestored, sealed, or restored tooth surfaces. f 0 : Filled tooth surfaces with no recurrent or primary caries. f 1-2 : Filled tooth surfaces with non-cavitated caries lesions. m: Missing due to caries.
The social environment factors at the family level included annual household income (1 = less than $10,000, 2 ≥ $10,000), highest level of education attained by the caregiver (1 = less than high school, 2 = high school diploma or more), frequency of moving during the preceding 5 yrs (1 = none, 2 = one time, 3 = two or three times, 4 = four or more times), full-time employment status (1 = yes, 2 = no), a measure of religiosity (1 = not religious at all, 2 = not too religious, 3 = fairly religious, 4 = very religious), perceived discrimination, and social support (Siefert et al., 2007) . The measure of everyday discrimination assessed the frequency of unfair treatment a caregiver felt that he or she had received according to an 11-item scale (alpha = 0.85). Items included the frequency with which the caregiver was treated with less courtesy, less respect, received poorer service, was called names or insulted, and was unfairly stopped or questioned by police. The items (scale of 1 = "never" to 6 = "almost every day") were summed then dichotomized (< 75 th percentile or ≥ 75 th percentile). Availability of support was measured in four areas, including errands, child care, financial assistance, and help with transportation (Finlayson et al. 2007a) . A variable was created to identify caregivers with support in all four areas.
To assess health-influencing behavior, we included brushing frequency of the caregiver's teeth (with or without toothpaste) during the preceding week. Caregiver's belief in oral health fatalism was assessed by rating agreement on a five-point Likert-type scale with the statement, "Most children eventually develop dental cavities". The answers were dichotomized (1 = neutral, disagree, or strongly disagree; 2 = agree or strongly agree). To capture various aspects of caregiver oral hygiene knowledge and self-efficacy, we constructed knowledge about bottle use (KBU), children's oral hygiene needs (KCOH), and oral health self-efficacy (OHSE) as described in a previous study of the same population (Finlayson et al., 2005) .
Physical environment was measured by whether or not the house had cracks in any walls and if there was a water purifier/filter on the kitchen tap. We assessed the availability of dental services by asking caregivers to rate the availability of dental services for themselves and their families (1 = excellent to 6 = very bad). Whether or not the caregiver's most recent dental visit was for preventive services was also included in the model.
Community-level Factors
The community-level determinants of children's oral health consisted of the number of dentists, churches, and grocery stores, as determined by geocoding (Tellez et al., 2006) , in the neighborhoods in which the caregiver and the child live. A neighborhood disadvantage index was computed according to the formula suggested by Ross and Mirowsky (2001) (Cronbach's alpha = 
0.74 in this sample). This index was categorized into four quartiles (1 = most disadvantaged community to 4 = least disadvantaged community).
Statistical Analysis
The association between the predictors and the caries increments was modeled by zero-inflated negative binomial regression (ZINB), which is the appropriate model for analysis of an outcome measure with a high proportion of zeroes (no new carious surfaces developed in this case) (Bulsara et al., 2004) . We first carried out a backward elimination model selection to determine the most parsimonious predictive model. We began with the full model, which included all of the oral health predictors in children, family, and community levels, proceeding at each step by dropping from the model variables with p-values > 0.20. The process was repeated until p-values of all variables in the model were less than 0.20. Only those factors identified in the stepwise regression as having a p-value < 0.20 were included as predictors in the subsequent and final zero-inflated negative binomial regression models. In addition, we computed pseudo-R-squared coefficients to summarize the predictive power of the regression models. Similar to the R-square of ordinary least-squares regression, the normalized measure based on restricted and unrestricted maximized log-likelihood ratios was computed for the models developed in this analysis (Cragg and Uhler, 1970) . This type of measure describes the power of the explanatory variables (oral health determinants) to predict the dependent variable (increments of d 3-6 mfs and d 1-6 mfs in this case) (Agresti, 2002) . Statistical analyses were conducted with STATA version 10 to account for the clustering effect due to the complex sample design (STATA, 2007) . All analyses were adjusted with the weight developed to account for unequal selection probabilities and differential non-response. For the small number of missing values (less than 4%) for any individual item on independent variables, values were imputed with IVEware software before modification, to create dummy variables (Raghunathan et al., 2001) .
RESULTS
Over 96% of the caregivers were female, and the average age was 29.1 yrs at baseline (Table 1) . Almost half reported an annual household income of less than $10,000, placing them in poverty status in the U.S. The majority (67.6%) of caregivers were either unemployed or not employed full-time. The children were equally divided between males and females. Almost 25% of the children had Self-rating of the availability of dental services: 1 = excellent, 2 = very good, 3 = good, 4 = fair, 5 = bad, 6 = very bad.
lower weight-for-age than the national standard, based on the Centers for Disease Control and Prevention growth chart (Kuczmarski et al., 2000) (data available from the authors). The factors included in the stepwise regression are listed in Table 3 . For all factors, there are sufficient sample sizes of children or caregivers in each of the subcategories for the determinants included in the model.
The zero-inflated negative binomial regression models identified the following factors as significant predictors (p < 0.05) of increments in d 1-6 mfs: higher consumption of soda drinks, older child age, higher weight-for-age, visiting a dentist for treatment, higher baseline caries level of the child and caregiver, fatalistic belief of the caregiver, and living in relatively disadvantaged low-income neighborhood (Table 4 ). For d 3-6 mfs increment, the significant predictors were higher con sumption of soda drinks, older child age, higher weight-forage, current participation in Head Start, being female, visiting a dentist for treatment, higher baseline caries level of the child, and fatalistic belief of the caregiver. Interactions among selected key factors were tested (Appendix Table  6 ), and they did not change the primary findings of the model dISCUSSION Like all studies that rely on subjective data requiring recall of past experiences or behavior, this study may suffer from biases. The association reported in this study may be underestimated. The model tested in this analysis identified several predictors that explain about 20% of the variations in caries increment. This paper presents findings from the first cohort study of lowincome African-American children and caregivers in Detroit, Michigan. Most of the evidence on determinants or predictors of caries has emerged from cross-sectional studies. This analysis, in addition to using a longitudinal design, was conducted with a conceptual model that included social, behavioral, demographic, and other determinants of caries in children. The findings of this analysis confirm those found in cross-sectional analyses of the same baseline data.
The frequent consumption of soda drinks was associated with caries severity at baseline Kolker et al., 2008) . Caregivers' caries status was modestly correlated with their children's caries status (Reisine et al., 2008) .
The association with weight-for-age was inconsistent and did not follow a clear dose-response relationship. A previous analysis of the W1 data found no association between caries and "obesity" (Ramaswami, 2005) .
As expected, children who had a dental visit for treatment were more likely to have higher mean caries increments than those who did not visit a dentist, because children in this population seek care when there is a dental problem. Consistent with previous studies, the baseline caries level was a strong predictor of future caries increment (Helfenstein et al., 1991) .
Fatalistic beliefs of the caregivers about oral health have been a consistent correlate (Finlayson et al., 2007a,b) and, in this study, a predictor of future caries increment. Dental fatalism was measured with a one-item question of agreement with the statement that "Most children eventually develop dental cavities". Given the predictive power of this one item, it would not only be useful in caries management, but also simple to administer in a clinical or public health practice.
While access to care receives so much attention, it may not be the only important factor associated with caries; rather, this study identified several social and community factors (i.e., neighborhood disadvantage, caregivers' dental fatalism, dental treatment, baseline caries of caregivers and children, and soda consumption) as important predictors of caries development and progression. Failure to consider the social and behavioral determinants of dental caries in preventive programs will lead to failure in this high-risk population.
